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Executive Summary 
 

Coal and gas prices have experienced large fluctuations in the recent decade. This period 

also witnessed a rapidly increasing demand for, and interregional trade in coal as well as gas. 

Consequently there is a clear policy interest in extending the G20's work on oil price 

volatility to coal and gas to understand the drivers of price volatility in these markets.  

In contrast to oil, the globalization of gas and coal markets is in an infant stage. Only one 

third of gas and around 15% of coal is traded internationally. Gas markets are segmented, 

and long term oil indexed contracts still play an important role in interregional trade. The 

only segment where derivatives trading and financial sector participation is comparable to 

oil is the US gas market, where, in addition, unconventional gas is dramatically affecting the 

supply-demand fundamentals.  

Structural change in gas and coal markets broadly appears to have the effects on price 

behavior one would expect. Growing international trade in coal could explain the increasing 

presence of common factors in coal prices, as well as their increased volatility over the past 

decade. In contrast, gas supply has become more elastic in the United States with the shale 

gas revolution in the Unites States, and the gas prices have remained relatively insulated 

from common, more global factors. While, the oil indexation-based pricing in European gas 

markets, explains key features of price behavior, including persistence and the relatively 

strong presence of global factors. 

Gas oil and coal markets have complex interactions. Demand side substitution between gas 

and oil has declined as oil is increasingly used in transport, and is driven out from power 

generation, the most important driver for gas demand. Nevertheless, underdeveloped gas 

spot markets and momentum from existing long term contracts can prolong the oil indexed 

business model for gas trading in Europe and Asia. In North America the correlation between 

oil and gas prices is low due to less substitution and the expanding supply from 

unconventional gas.  On the other hand there is intensive competition between coal and gas 

in the power sector leading to market based substitution. In countries with emission trading 

regimes, carbon quota prices are a channel linking coal and gas markets.  

Market price volatility is driven by price elasticity of supply and demand. Inelastic supply 

meeting inelastic demand would lead to volatile prices. In periods of high capacity utilization 

gas and coal supply is inelastic. Shale gas technology is scalable and seems to lead to a more 

elastic supply.  Demand for gas in the residential sector is inelastic as well as end user 

demand for electricity, with marked seasonality patterns. Demand for coal or gas in power 

generation might be more elastic depending on technical constraints, existence of 

competitive power markets and network bottlenecks. The recent decade was characterized 

by large supply and demand shocks such as shale gas, the financial crisis or the emergence of 

China as a large coal importer. Due to the microeconomic characteristics a fair degree of 

price volatility is to be expected. In the analyzed period price developments were, to a large 

extent, consistent with the underlying microeconomic fundamentals. There is no reason to 
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assume that the limited financial participation would have played a measurable role in gas 

and coal price developments.  

Increasing gas globalization and trade and increased price volatility point to a need for more 

market information. Improving transparency on gas market data, such as prices and trade 

flows, will contribute to the reduction of uncertainties, improve predictability and facilitate 

project planning. Market players in all regions of the world now have an interest in seeing an 

improvement in the quality of information and data that is freely available, which would 

improve market transparency. This is why the IEF Secretariat and its JODI partners plus the 

Gas Exporting Countries Forum (GECF) have embarked on extending JODI to natural gas. 

Hopefully this can for the first time be launched to the market before the end of the year.  In 

this connection, the G20 may wish to consider to commit to full, complete and timely 

delivery of data to JODI-gas.   
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1. Background to the report 
 

There are signs that coal and gas prices have experienced strong volatility in the past few 

years. The annual volatility of gas contracts traded on the European gas exchanges averaged 

more than 70% in 2009 and 2010, a level higher than the volatility of oil prices during the 

same period. The strong decrease in gas prices on spot markets since 2008 has put existing 

business models under pressure, both on the producer and consumer sides. Moreover, the 

previously observed correlation (on an energy equivalent basis) between oil prices and 

natural gas prices has decoupled.  

On the coal market, large swings in prices have also been observed: for instance, the average 

market price for imported coal in OECD Europe rose from $62 per ton in 2004 to $138 per 

ton in 2008 for steam coal, occasionally exceeding $200 per ton before returning to below 

$100 in 2009.  

However, an assessment of price volatility in gas and coal markets is complicated by the 

prominence of medium term contract pricing mechanisms in price formation for these 

commodities. Regional markets may also exhibit their own specific price dynamics, especially 

where these markets remain less globally integrated than those for oil. 

In this respect, and following G20 Leaders’ request, G20 Finance Ministers call on the 

International Monetary Fund (IMF) and International Energy Forum (IEF), as well as 

International Energy Agency (IEA), Gas Exporting Countries Forum (GECF) and Organization 

of Petroleum Exporting Countries (OPEC), to develop concrete recommendations to extend 

the G20’s work on oil price volatility to gas and coal. 

2. Introduction 
 

Coal and gas combined accounts for almost half of total primary energy consumption in the 

world and it has been growing considerably more rapidly than oil. In the past decade growth 

of coal and gas supplied 60% of the growing energy needs of the world economy.  

Coal and natural gas markets have experienced rapid structural change in recent years, with 

market liberalization and greater international trade among the main driving forces. Changes 

in price behavior, including price volatility, would, therefore, not come as a surprise . 

One reason for possible changes in price behavior would be that with more international 

trade in gas and coal, these fossil fuels should be more exposed to the same common 

factors, including global economic activity, which that drive other commodity prices. The 

behavior of coal and natural gas prices should thus have become more similar to that of 

other commodity prices  . 

While the basic premise of greater alignment in price behavior is plausible, the actual extent 

of change is an open issue. Coal and natural gas markets have always been exposed to 

common factors for at least two reasons. First, there are well-known international business 
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cycle linkages that underpin co-movement in aggregate demand and activity across 

countries, and thereby also local demand for individual fuels. Hence, even without 

international trade, local gas and coal markets are exposed to international business cycles. 

Second, with oil prices being an important reference in long-term contracts in natural gas 

but also coal markets, oil price changes have traditionally fed through to some natural gas 

and coal prices, albeit with a lag and sometimes insulated from extreme price moves 

through caps and floors. Annex I, summarizes the coal and gas markets and their interaction 

with oil.    

In this respect and similar to oil prices, coal and gas prices have shown considerable volatility 

in the past decade. The monthly average of the North American benchmark Henry Hub 

fluctuated between 2.2 and 13.4 usd/Mbtu, European price benchmarks moved in a similarly 

wide range. Atlantic basin Coal prices also fluctuated in a wide interval. In contrast to the 

globalized nature of oil prices, gas and coal markets show a considerable degree of regional 

segmentation and wide price dispersals, in May 2011, market prices of gas ranged from 4 

usd/Mbtu in the USA to 13 in Japan. Extreme price volatility has negative consequences: 

 Macroeconomics: Volatile energy prices lead to volatile headline inflation makes the 

conduct of monetary policy more difficult. In addition, due to the inelastic demand, 

it leads to a volatility in real disposable income which is detrimental to social 

welfare. Annex II, gives the microeconomic drivers of price volatility. 

 Energy security: While stable high energy prices arguably have a positive effect on 

energy security by encouraging energy efficiency and supply side investments, 

excessive price volatility leads to a higher cost of capital and it hinders the financing 

of necessary investments in energy supply. In addition, it creates a risk of 

misallocating resources into capacities that cease to be economical after a sudden 

change in relative prices.  

Due to these factors, there is a clear policy interest in a deeper understanding of the drivers 

of coal and gas price volatility as well as any possible policy steps that might bring 

improvements.  

3. Gas markets: market structure, price formation and volatility 
 

In terms of the geographical segmentation, one could distinguish the following regions for 

gas: 

3.1 North America 

North America is a “gas island’’ representing one third of global gas use. North America has 

efficient gas to gas competition, well functioning, transparent 3rd party access to 

infrastructure and liquid financial futures trading of gas with a fair degree of financial 

participation in the futures markets. Due to the shale gas revolution, its price level is low, 

but due to the lack of export infrastructure it is disconnected from other regions. 
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3.1.1 Markets structure and functioning – North America 

US market structure 

The US natural gas market is essentially comprised of two parts; the physical market and the 

financial market. The two parts serve different purposes, but are closely related. The 

physical market is comprised of transactions involving the actual commodity. The financial 

market is comprised of transactions involving financial instruments that are based on the 

prices of natural gas, but typically do not lead to the delivery of the physical commodity. 

 

The Physical market 

 

After decades of cost of service regulation, the United States pioneered the development of 

competitive gas markets. Wellhead prices are not regulated; meaning that the price is purely 

dependent on supply and demand interactions. Interstate pipelines do no longer take 

ownership of the gas they transport, but only offer the transportation service (still a 

regulated service). Local distribution companies can still take possession of gas, but have to 

offer a pure transport service in the local network as well.  

 

Gas can be sold under very different commercial arrangements; it can be sold on a spot 

basis, under longer-term contracts with fixed prices, gas-to-gas pricing or other pricing 

provisions. The share of long term contracts both in gas sales and transport capacity has 

significantly decreased in the US and the average duration of contracts has shortened. Still, 

there are customers, especially electricity generators that value the security of supply of 

long term contracts. It is worth mentioning that even before the development of 

competition the United States never had a tradition of oil price indexation of natural gas.  

 

The most important market centre in the United States is the Henry Hub, which is 

interconnected with 16 different intra- and interstate pipelines and, thus, effectively 

interconnects to all producing and consuming regions throughout North America. Because of 

its central location the Henry Hub is used as the delivery point for the New York Mercantile 

Exchange’s (NYMEX) natural gas futures.  

 

Despite the expanding US production, the US remains a net gas importer, from Canada as 

well as LNG. Only a relatively small part of imports are bought under long term contracts, 

indexation to US gas prices is common. In practice one could regard the US and Canada as 

one integrated market.  

LNG imports currently flowing into the United States are often contracted in long-term 

contracts. The US is currently not importing any spot LNG cargos as US prices are 

significantly lower than those in other world regions. In the US market LNG prices are most 

often linked to Henry Hub prices.  

 

The Financial market 

 

The US financial gas market involves instruments that are based on the price of natural gas, 

but that typically do not result in the delivery of a physical commodity. The financial market 
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consists of transactions in futures, options, swaps and other financial instruments based on 

natural gas prices. The largest volumes of such transactions occur on the New York 

Mercantile Exchange (NYMEX).  

 

The standard NYMEX natural gas future contract is for the delivery of 10,000 Mbtu (280,000 

m³) of natural gas to be delivered at the Henry Hub. In 2008 on average 153,000 monthly 

contracts were traded daily; a daily traded volume of 43 bcm, to compare daily physical 

demand in the US in 2008 was around 1.6 bcm, making the financial market more than 25 

times larger than the physical market. Monthly contracts expire 3-5 days before the start of 

the month, at which point traders can either settle their positions or choose to accept the 

delivery of the physical natural gas; which is very rare in the financial market. 

 

There is a large scale financial participation in these markets. US gas futures are standard 

parts of commodity index funds and widely marketed to various investors. There is also a fair 

degree of speculation as well with several investment banks and hedge funds involved. On 

the other hand, hedging activity from stakeholders with physical positions like gas producers 

or utilities is also common. These actors with physical position are essential. The 

architecture of the futures market limits systemic risk and possible spillovers to physical 

markets from individual financial decisions. Neither the bankruptcy of Enron that was very 

active on gas markets nor the failure of a major hedge fund, Amarath speculating on US gas 

prices had any measurable effect on the underlying physical market.  

 

3.1.2 Market developments, supply – demand conditions and price volatility, North America 
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The first half of the decade in North America was characterized by the depletion of the 

conventional gas reserves and the demand effects of a significant wave of CCGTs coming 

into the electricity system. To a degree, the new gas fired capacity entry was price 

insensitive and was driven by tightening air quality regulations and licensing difficulties for 

new coal plants. Decline of conventional gas production coupled with a significant lock up of 

gas fired power plant capacity led to tightening markets and very low supply elasticities. As a 

result, demand shocks like the cold winters of 2000 and 2003 led to price spikes. The biggest 

price spike in 2005 was not in an especially cold year, but 2005 was the year of the Katrina 

and Rita hurricanes leading to a substantial production shortfall. Moreover, 2005 was the 

turning point in supply: Just as it became generally accepted that North American gas 

production peaked, leading to a very tight market situation, shale gas production begun. In 

addition, expectations of high prices on medium and long term led to demand adjustment, 

especially the outsourcing of gas intensive chemical industry. Nevertheless, shale gas 

production has not yet reached a critical mass by 2008 when continuous market tightness 

coupled with the cross elasticity effect from record high oil and coal prices led to a repeated 

price spike. In 2009 the perfect storm hit: demand declines due to the recession and the 

shale gas revolution in full swing led to a price collapse.  

Econometric analysis confirms the microeconomic insights, Annex III. The GARCH volatility of 

the weekly returns of Henry Hub futures prices reveals recurring periods of high volatility in 

the first half of the decade associated with tightening markets and supply shocks. Compared 

to the 1st half of the decade, the 2009 financial crisis can be regarded as a volatile, but not 

unique period, 2009 volatility was actually below the peaks of the previous period. Since 

2009, we have observed a marked decline in volatility, most probably associated with the 

increased price elasticity of shale gas production.  

 

3.2 Other market regions – Europe and Asia Pacific 
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The ‘’Globalizing’ segment of the gas market consists of Europe and the LNG and the Asian 

LNG importers, mainly Japan and Korea. Historically, both regions were dominated by oil 

indexed long term contracts that still play a major role. The two regions are increasingly 

linked by the improving liquidity and efficiency of LNG markets whose share is rapidly 

increasing in global gas consumption. Marked development in this segment is a work in 

progress. In the European Union important steps have been taken with the 3rd energy 

package for the unbundling and 3rd party access to networks as well as the transparency of 

physical flows and trading. Several hubs emerged with improving liquidity, and there is an 

increasing convergence between the UK and the continent. In the meantime major 

exporters and IOCs increasingly use flexible LNG portfolios redirecting cargoes depending on 

market needs. Such LNG flexibility played an instrumental role in managing the gas demand 

implications of the Japanese earthquake. Nevertheless, market efficiency and liquidity is still 

well below the North American standards, financial participation is limited and important 

stakeholders still refuse to regard the emerging trading hubs as providing reliable price 

signals able to substitute oil price indexation.  

3.2.1 Markets structure and functioning – Europe  

The Physical market 

Europe is the largest gas importing region in the world. In 2010 Europe (including Norway) 

had a gas consumption of around 569 bcm and produced around 296 bcm of natural gas. 

Europe therefore imported around 50% of its total demand; European imports represent 

almost 10% of global gas demand.  

Long term contracts in continental Europe 

The traditional, and still very relevant business model for imports are long term contracts 

between an exporting NOC (Gazprom, Sonatrach) and an importing midstream company 

(GdF, E.ON). Before the liberalization of gas markets such midstream importers were usually 

vertically integrated monopoly wholesalers, who owned the transmission network and sold 

directly to end users as well as local distributors. The importers took ownership of the gas at 

the border, and the contracts often prohibited resales in third markets. Such destination 

clauses have been deemed to be incompatible with the EU single market. Consequently in 

this structure wholesale trading was very limited, volatility of gas prices was effectively oil 

price volatility translated into gas prices by indexation formulas, but with a dampened and 

lagged effect. The majority of European domestic production was marketed using the same 

business model of oil indexed long term contracts (Statoil, Gas Terra), in fact oil indexation 

was pioneered by the Netherlands before the emergence of Russian and Algerian imports.  

The development of an integrated competitive market for gas in continental Europe is a 

gradual, and not yet completed progress. Successive EU legislation improved 3rd party access 

by mandating the establishment of unbundled independent transmission organizations, 

infrastructure access conditions and transparency improved measurably. Expanding cross 

border trade and better liquidity in emerging trading hubs integrate markets. Nevertheless 

even on a European scale the market remains concentrated with just four producers 
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(Gazprom, Statoil, Sonatrach, Gas Terra) accounting for more than half of the supply. The 

United Kingdom 

The UK differs from the continental experience in several important aspects. Up until 

recently it was self sufficient or even a net exporter, and similarly to the United States, it 

always had a diversified ownership structure for upstream production even before the 

development of competition and no strong tradition of oil price indexation. It was an early 

adopter of ownership unbundling, setting up a completely independent transmission 

system. These factors facilitated the development of gas to gas competition and trading 

after market opening. In the UK market has a virtual delivery point for spot transaction 

(Notional Balancing Point, NBP). NBP is the chosen delivery and settlement mechanism of 

the bulk of the UK upstream production. By the time the depletion of North Sea upstream 

reached the level that made the UK a substantial net importer, the NBP had been 

established as a reliable and trusted price benchmark. As a result large scale import projects 

could be based on either NBP indexed long term contracts or spot sales to the NBP. In fact 

due to its well developed infrastructure and transparent regulatory and market framework, 

the UK is increasingly a gateway of LNG to the continent, reexporting imported LNG on the 

Interconnector to Belgium.  

Spot markets 

Spot markets have been developing since the beginning of market liberalization. Up until 

recently their role has been marginal in the continent, mainly secondary sales from gas 

portfolios dominated by supply from oil indexed long term contracts. Liquidity and 

transparency was insufficient for market participants to regard hub prices as reliable price 

signals. The situation is clearly improving, with rapidly improving liquidity. There is a 

measurable growth in both the traded volumes in gas hubs as well as the physical quantities 

that are delivered through the trading hubs, the later is obviously lower since in a number of 

cases the sales transactions are conducted at the hubs, but the physical delivery is organized 

separately through the transmission system.  An important phenomenon in 2009/10 is the 

very strong growth in hub trading in Germany, the conventional core of long term oil 

indexation. This is due to a combination of supply-demand fundamentals, excess supplies do 

to demand destruction by the financial crisis as well as regulatory and market architecture 

changes, especially the integration of gas balancing zones.  
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The overwhelming majority of gas trading in the continent is physically delivered (through 

the hub or separately) OTC transactions. Exchange based spot trading exists, but it 

represents only around 5% of trading transactions. The European Energy Exchange has 

futures contracts for German hub prices, but trading activity is negligible, equivalent to less 

than 2% of German gas demand. As a result, financial participation and commodity 

investment is negligible.  

The UK spot market still has a considerably higher turnover than all the continental hubs 

combined, so trading liquidity is considerably higher. The UK also has a liquid futures market 

based on the NBP spot price with a fair degree of financial participation.  

3.2.2. Market structure and functioning – Asia Pacific 

 

The Physical market 

 

Asia Pacific1 is the most rapidly growing region in the world in terms of gas demand. In 2010, 

Asia Pacific had a gas consumption of around 580 bcm. Japan and Korea are heavily 

dependent on LNG imports. China and India are emerging but rapidly growing gas markets. 

Southeast Asia has been a traditional gas exporter for decades but is now suffering from gas 

shortages due to the exploding domestic demand.  

 

Imports 

Asia Pacific imported around 185 bcm of natural gas in 2010, of which 180 bcm was 

imported as LNG. China is developing pipeline import capacity from Turkmenistan, Myanmar 

and in a longer term horizon possibly from Russia as well, nevertheless LNG will remain the 

                                                           
1
 Defined as non-OECD Asia and OECD Pacific.  
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dominant form of regional and interregional gas trade.  In all the major LNG import markets, 

Japan, Korea, Chinese Taipei, China and India gas trade is  based mostly on long-term 

contracts in which the gas price is indexed to crude oil import price. Unlike NBP and Henry 

Hub, there is no single exchange market of natural gas in the region and trade is mostly 

bilateral. Most long-term contracts are as long as 20 years or longer. 

 

LNG buyers and the owners of the terminals are generally identical in the region. Except for 

the Japanese market, where private power utilities or large scale gas utilities are the LNG 

buyers and operators of the terminals, very limited numbers of state owned companies  are 

the dominant market players in Korea, China, India and Chinese Taipei. Each regional 

markets are rather vertically integrated from imports to transmission and market entry 

barriers are significantly high compared to much more liberalised markets of the United 

States and Europe.  

 

In contrast to the concentrated and vertically integrated industry structure in domestic 

markets, LNG import sources are generally reasonably well diversified with 17 different 

suppliers worldwide; this number is still expanding.   

    

Indigenous production 

 

Asia Pacific natural gas production is either sold in regulated domestic markets (China, India) 

or exported or exported on the basis of long term oil indexed contracts (Malaysia, 

Indonesia). Domestic production generally struggles to keep up with demand, in fact the 

volumes available from the traditional South East Asian exporters to export is likely to 

decline.  

 

Spot /Short term markets 

 

As LNG import volume to Asia Pacific has increased significantly over the last five years, the 

share of spot and short-term (less than 4 year term) deal has also increased to around 14% 

(24 bcm) of annual LNG imports. Majority of spot/short term sales came from Russia, Qatar 

and Nigeria in 2010, and they are all bilateral transactions. Since there is no exchange 

market in Asia Pacific, there is no benchmark price suitable for spot/short-term transactions, 

resulting in a lack of transparency. Most of the spot/short-term deals are referenced to long-

term contracts price available and rarely indexed to Henry Hub or NBP which are 

occasionally much lower than long-term contract price in Asia. However, Asian buyers are 

struggling to find most suitable price indexation which would contribute to the stable and 

reliable supply of energy. On the other hand the well developed LNG infrastructure and the 

diversified supply mix helps to mitigate shocks. The loss of nuclear production after the 

Tohoku earthquake led to a measurable increase in Japanese LNG demand. Japanese utilities 

had no major problems in procuring the additional quantities with only a slight increase in 

prices.  
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The Financial market 

 

There is no exchange market or future trade of natural gas in Asia Pacific. All the import 

transaction is bilateral between an exporter and an importer. Retail market is heavily 

regulated, monopolised or subsidised in contrast with US and European market.  

 

4.2.3 Market developments, supply – demand conditions and price volatility, Europe and Asia 

Pacific 

The combination of countries that we regarded as one group itself signals a deep structural 

change: whereas North America has had variable supply-demand fundamentals but 

reasonably stable market institutions, more or less liquid gas trading and intraregional LNG 

links are definitely a recent phenomenon. At the beginning of the decade of the current 

globalizing region only the United Kingdom had functioning gas markets and genuine 3rd 

party access. The European continent was characterized by segmented markets individually 

dominated by incumbents, inadequate unbundling and prevalence of long-term oil price 

indexed contracts. Historically, such market structure helped the development of capital 

intensive gas supply chains. Markets were even less developed in Asia, and most LNG trade 

was on dedicated routes, with very little trading. Three developments facilitated the 

emergence of more liquid, more efficient trading hubs increasingly interconnected by 

arbitrage: 

 Development of the LNG industry. Global LNG trade has more than doubled in the 

decade since 2000. Very importantly, both Europe and Japan now has ample excess 

LNG regasification capacity that enables market entry of spot supplies. In addition, 

LNG supply sources are more diversified and LNG ships now available for short term 

leases for trading transactions. Last but not least the development of 

unconventional gas in North America destroyed the business model of LNG projects 

originally intended for the US market and forced the redirection of significant 

quantities of additional LNG into the EU and Asia Pacific markets.  

 The 2008/9 financial crisis led to an asymmetric shock in the gas markets as 

compared to oil. Oil markets are inherently global, consequently supply constrains, 

OPEC behavior and strong non-OECD demand was able to stabilize oil prices at a 

relatively high level. This oil price level translated into gas prices in conventional oil 

price indexed long term contracts that were higher than spot prices as determined 

by supply – demand fundamentals. Moreover, since gas is a marginal fuel in power 

generation, the effect of falling electricity consumption had a disproportionate 

effect on this sector gas demand. Moreover, deployment of renewable energy even 

accelerated during 2008/9 and European industrial gas demand was especially 

heavily hit. Consequently a number of major European importers had serious 

problems of fulfilling take or pay commitments in import contracts and there was a 

very strong incentive to try to sell excess quantities on the spot market.  

 During the entire decade there has been a consistent push by EU energy and 

competition policies towards a more integrated, more competitive European gas 

market. This translated into more stringent unbundling requirements, competition 
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law infringements leading to structural remedies, harmonization of trading and 

balancing arrangements as well as merging of trading and balancing areas. There is 

still a considerable degree of segmentation in European gas markets, and individual 

national markets are still plagued my market power, nevertheless a genuine 

progress have been made on the regulatory side. Domestic gas markets in the Asia – 

Pacific region are much less developed, on the other hand their major LNG importers 

enjoy the benefits of the increasing depth and efficiency of the LNG market.  

The United Kingdom is the market where liquidity in the entire period was sufficient for the 

NBP spot price to be regarded as a genuine economic price signal. The NBP and the 

continental hubs connected to it by arbitrage on the interconnector have shown a large 

degree of volatility:  

 

The two notable price spikes had different microeconomic drivers. 2005 was a period which 

was characterized by a gradual decline of UK domestic production but before the large scale 

entry of LNG supply to the UK market that took place in the 2nd part of the decade. 

Importantly, fluctuations in production played a significant role in smoothing seasonal 

demand fluctuations, consequently upstream depletion simultaneously tightened gas 

commodity as well as storage capacity markets. In the winter of 2005 the combination of 

tight supplies and storage capacity constrains led to a violent price spike. The 2008 price 

spike and the consequent collapse was mainly the result of the high oil prices and the 

associated high price for oil indexed imports to the continent. This drove UK prices to the oil 

indexed level. Subsequently the demand implications of the financial crisis coupled by 

additional LNG supplies led to a price collapse. In contrast to the US where elastic shale gas 

supplies stabilized prices at a low level, the price floor proved to be short lived in the UK: 

Tightening global LNG markets as well as arbitrage with the continent’s rising oil indexed 

prices triggered a price increase in 2010 to almost the pre financial crisis level.   
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At NBP, the 2005-2011 period for which we have adequate data for econometric analysis is 

characterized by a marked decrease of volatility.  

 

Even 2009, the financial crisis period is not especially volatile compared to the middle of the 

decade. The reason for this is market integration. In the beginning of the decade the UK was 

an isolated medium sized market, reliant on declining domestic production and affected by 

infrastructure constrains especially storage.  As a result, any supply – demand uncertainty 

was translated to volatile price movements. The interconnector to the continent opened in 

2006, providing a physical link. In addition, the UK emerged as an LNG gateway, and Norway 

increasingly acts as a swing supplier between the UK and the continent. As a result, the UK is 

now a much more integral part of a larger and diversified European market. In the context of 

NBP this has an effect of increasing price elasticity, as trade flows will react to supply-

demand developments and price differentials. This trade flow reaction has an effect of 

reducing volatility not only in the UK but in the continent as well, as UK and continental 

supply-demand shocks are not perfectly correlated, and smooth out each other. This is 

evident from the data of the Dutch TTF, the oldest and most liquid continental gas market: 
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We explicitly tested for increasing market integration. In full accordance with the observed 

market development, the long term structural relationship (cointegration) between TTF and 

NBP returns is increasingly significant, the strongest cointegration relationship that we 

observed in the entire sample: 

 

There is also a strong and increasing conditional correlation between NBP and TTF returns, 

suggesting increasingly efficient arbitrage trading activity between the two trading hubs, 

enabled by physical infrastructure connections, and joint swing suppliers to the continent 

and the UK: 
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3.3 Oil price indexation in gas contracts in Europe and Asia- Pacific  

Oil price indexation was developed at birth of the European natural gas industry in the 

1950’s and 1960’s, with the discovery of the Dutch Groningen field and the gas fields in the 

North Sea. Its original mission was to enable governments and petroleum companies to 

make natural gas an attractive and competitive alternative to other energy resources and, 

thus, facilitating the development of the capital intensive gas supply chains.  

They established the so-called ‘market value approach’, linking gas prices to the prices of its 

energy substitution products, which at that time mainly was oil and refined oil products and, 

to a lesser extend coal. The contract makers also focused on oil because it was, and still is, 

an extremely liquid commodity, making it possible for traders to hedge their exposure.  

At the moment, around 70% of gas sold within Europe is under long-term contracts. The 

contracts are mostly oil indexed, with the exception of the United Kingdom. For the 

Continental Europe, although we estimate that around 15-25 % of gas was traded on the 

basis of gas to gas pricing, the oil indexation is still dominant. A long-term natural gas 

contract has a number of usual characteristics: 

 All contracts have a base price level, a P0, which forms the base price of the contract 

and is often determined by the market price level of the gas. 

 Above the P0, contracts are indexed to an oil price, most often the local price of the 

refined oil product which actually is competing with gas, usually gasoil and fuel oil in 

Europe, whereas crude oil price indexation is more prevalent in Japan and Korea. In 

most contracts, the oil price is multiplied with a factor, which determines the slope 

on which the gas price responds to changes in the oil price 

 In order to avoid a high volatility of the gas prices and to smooth its development it 

is common to pool the oil quotes of several months. A common form for this price 
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adjustment is 6/3/3; the mean oil price is calculated with a time lag of three months, 

using the quotes of the past six months and the price will be valid for the coming 

three months. A result of this pooling is that short-term shocks to the oil price do 

not strongly influence the natural gas price, on the other hand sustained price trends 

are reflected with a lag. 

 In some contracts, caps and floors have been added, again to limit the exposure of 

natural gas prices to (extreme) oil price developments in both directions. Both 

instruments create a limit to where the gas price will follow the oil price, a cap 

installs a maximum a floor a minimum. This seems to be a widespread practice in the 

Asia Pacific region where the price formula in some long-term contracts contains the 

so‐called S‐Curve mechanism, which provides protection for both buyers and sellers 

at times of extremely high or low oil prices market respectively through slower 

linkage to oil price fluctuation.  

In recent years the combination of record high oil prices, declining physical substitution 

between oil and gas and the asymmetric supply shock of expanding shale and LNG supply 

generated considerable controversy over the sustainability and desirability of oil price 

indexation in gas contracts. Certainly given the physical divergence of the two primary 

energy sources, and oil indexed contractual structure runs the risk of events like 2009 in 

Europe when gas prices determined by global oil supply and demand fundamentals became 

inconsistent with regional supply and demand conditions for gas. Of course Europe in 2009 

was the “perfect storm” of declining demand in the recession, additional LNG supply driven 

to Europe from North America by shale gas and the 2008 record oil prices fed into lagged oil 

indexation which stretched the contractual structure to the limit. Excess quantities were 

offloaded in stock markets leading to expanding liquidity and measurable losses for 

European midstream importers who were locked in oil indexed long term contracts. They 

struggled to fulfill their contractual off take commitments, and substantial contract 

renegotiations took place both in terms introduction of some degree of gas spot market 

integration and also the about delaying the offtake of minimum quantities. Since the 

structural break of 2009 German import prices have been measurably lower than their 

estimated level based on historical oil – gas price relationships, suggesting that contract 

renegotiations and modifications were not negligible.  
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Source, IEA database 

In 2010 on the other hand economic growth and cold winter raised European import 

demand well above the contractual minimums and tightening gas markets narrowed, 

although did not eliminate the price differential between spot and oil indexed prices.  

At the writing of this report in June 2011 there is a considerable uncertainty over the future 

of oil price indexation. On the one hand, oil market fundamentals and consequently prices 

are determined outside Europe. On the demand side there is a discrepancy between 

dynamic global oil demand growth driven primarily by the Asia Pacific region and sluggish 

European gas demand growth constrained by macroeconomics, improving energy efficiency 

and increasing share of renewable energy. On the supply side non conventional oil 

production technologies yet to have as fundamental impact on oil supply as the combination 

of non conventional gas and LNG had in the gas market. Consequently the argument that in 

the absence of large scale physical substitution European gas market fundamentals are 

disconnected from global oil fundamentals has merit. In addition, the increasing efficiency 

and liquidity of continental gas trading hubs has a potential to generate a momentum of its 

own: with improving market efficiency hubs increasingly provide credible price signals that 

can be used to price end user as well as upstream procurement contracts. Due to the 

repricing of end user sales, several large European mid-stream companies consider that oil 

indexed contracts could increasingly become serious financial exposures. From the 

exporters' point of view, European trading hubs, though improving, are not yet sufficiently 

reliable for price discovery and they still prefer using oil markets to provide price signals. In 

addition, major exporters seem to be aware of the large price and policy driven uncertainty 

of EU gas demand.  

As an illustrative example we analyzed the impact on gas fired power generation of a 

permanent oil price increase from 100 to 110 dollars/barrel. Based on the experience of 
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recent years such a price change has a measurable but limited impact on either oil demand 

or non-OPEC supply even in the long term. In the electricity sector however, such a price 

increase when fully passed through wholesale gas and then electricity prices raises the rate 

of return on an average nuclear project by 1.2 percentage points, a difference that has 

significant project financing implications, and makes new nuclear investment more attractive 

in countries that keep this option.  The cost differential between a gas CCGT and onshore 

wind narrows, enabling more ambitious renewable policies. 

 Last but not least coal would increase its share in mid merit generation in addition to its 

traditional role of base-load: 

 

The load factor at which the total cost of gas exceeds the total cost of coal declines by 1500 

hours after an oil price increase of only 10 dollars/barrel, consequently in the new optimum 

of the power system coal capacities would serve a considerably bigger proportion of the load 

duration curve. In the short term, gas capacities would run at a lower load factor, and in the 

longer term we would observe a capacity switch from coal to gas.  

 On the other hand very important suppliers including Gazprom and Sonatrach prefer to 

maintain oil price indexation as the dominant business model. Gas supply and transportation 

infrastructure is extremely capital intensive, and long term contracts are widely used to 

provide investment security.  

Theoretically it is possible to have long term contracts that are indexed for gas hub rather 

than oil prices. There are such contracts in the United Kingdom, and India imports LNG 

indexed to Henry hub, so despite the physical disconnection of the gas systems India in 

effect imports the liquid price signal from the US. On the other hand, the large majority of 

new supply contracts that have been signed since 2009 (The new Polish – Gazprom contract, 

several contracts for Australian LNG for the Asia – Pacific market) are mostly indexed to oil 
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with different formulas. This suggests that despite the growth of hub trading, oil indexation 

will continue to play a major role.  

Developments since the summer 2010 serve as a reminder that non-oil indexed gas is not 

necessarily a cheap gas. Despite the favorable long term fundamentals, one can easily 

imagine a scenario in which short to medium term shocks (cold weather, lack of wind, supply 

disruptions) push volatile gas prices temporarily over oil indexed levels. In fact additional 

supply sources tend to require a reasonably high gas price to provide adequate returns. This 

leads to narrowing oil – spot gas price differentials which together with the insistence of 

important stakeholders contributes to the prolongation of the oil indexed business model. 

The most important wild card that if happens has the potential to disrupt the oil indexed 

business model further is the unexpectedly rapid ramp up of non conventional gas 

production in Europe. This is however not part of the baseline forecast. 

We also conducted an empirical analysis of oil and gas spot prices.  

In the United States, during no time period in the past decade have been a statistically 

significant long term relationship between oil prices (WTI for the US) and US Henry Hub 

futures. This is perhaps predictable due to a lack of tradition for oil price indexation in North 

America as well as the declining physical substitution between the two fuels.  

 

The conditional correlation between gas and oil returns is also low, although interestingly 

recently higher than during the middle of the decade. This might be due to the prevalence of 

macroeconomic shocks (the financial crisis, recovery, fears of a double dip) in driving oil and 

gas markets both. It should be emphasized though that the increasing short term correlation 

is observed in a complete lack of an empirically significant long term structural cointegrating 

relationship.  
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In the United Kingdom, interestingly we observe the existing opposite. The cointegrating 

relationship between oil (Brent) and NBP gas is getting stronger, and it is at the border of 

being statistically significant. This might be explained by an increasing market integration 

with the continent, where oil price indexation is dominant. In periods of high deviance 

between an oil indexed and NBP price level The UK gas market will witness high sendout 

rates on the interconnector as well as redirected LNG and Norwegian gas. This will obviously 

tighten the UK market, and gradually move the NBP towards the continental oil indexed or 

oil influenced price level.  

 

Despite the long run relationship driven by market integration, the short term correlation 

between gas and oil returns (NBP and Brent) is actually lower than in the United States, 

reflecting the lack of short term physical substitution.  
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3.4 Regulated regions 

‘Regulated’ regions include the domestic gas consumption of the FSU, the Middle East and 

several Asian and Latin American countries. These regions might have links with the 

‘Globalizing’ segment through export (Russia, Egypt) or import (India) but their domestic 

prices are regulated, in some cases set at below supply cost due to social and political 

considerations. As a result, although their often state owned exporter or importer 

companies are exposed to price volatility, domestic price changes are policy driven and only 

indirectly influenced by market prices.  

3.5 Outlook for gas markets 

Global gas demand in 2010 rebounded by 6% to considerably above the pre-financial crisis 

level. Part of it was due the unusually cold winter in the Northern Hemisphere, but there is 

no doubt that the medium term outlook for gas is bright. Gas demand expected to increase 

510 bcm (16%) in the next five years, is primarily driven by emerging markets, especially 

China and the Middle East. Gas is expected to increase its share in both the primary energy 

mix and also in power generation. In emerging markets all main categories of gas 

consumption (residential, industrial, electricity) is expected to grow. In addition, gas 

continues to increase its share in OECD thermal generation, although overall gas demand in 

this segment depends on renewable and nuclear policies. In North America low prices, 

whereas in OECD Pacific nuclear issues are likely to drive demand growth, on the other hand 

European gas demand practically stagnates due to sluggish growth of energy consumption 

and ambitious renewable energy policies.  

The most important source of increasing supplies is the traditional exporters of the FSU and 

the Middle East North Africa Region. In the FSU Russia brings new supergiant production 

online with the Yamal project, and Turkmenistan also ramps up production, driven by 

exports on the new pipeline to China. The bulk of the production increase in the Middle East 

will serve the growth of domestic demand. Australia is emerging as a large LNG exporter 
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serving the Asia Pacific region. Non conventional production in North America continues to 

grow supplying domestic demand and even possibly some exports, but we do not foresee 

such exports reaching the level that would end the segmentation of the region.  

4. Coal 
 

For coal the adequate regional split is China and the rest of the world. China’s share in global 

coal production is almost four times the share of Saudi Arabia in oil. Its share in global coal 

consumption is more than twice the share of the USA in oil demand. The Chinese domestic 

coal market is three times the entire international coal trade. Therefore, any imbalance 

between China production and demand has the capacity to destabilize the global coal trade. 

4.1 Market structure and functioning 

Coal is the least globalized of the major energy sources, due to its relatively high transport 

costs and its well distributed resources, major coal users tend to have large resource 

endowments of their own. It should be also notice the complexity that coal quality issues 

introduce in coal trading. As a result, only 15% of coal consumption is traded internationally. 

Australia, Indonesia, Russia, Colombia, South Africa and United States account for 85 % of 

the global exports. In the future, this trend will continue, although other players, like 

Mongolia or Mozambique might join this group. 

Coal imports are not as concentrated as exports. Europe and the area Japan-South Korea-

Taiwan have accounted for the majority of the imports during the last decade. However, two 

key players appeared a few years ago. An important recent phenomenon is the emergence 

of China and India as large scale coal importers. Despite the considerable resources in these 

two countries, domestic demand is growing rapidly and production faces a host of supply 

and infrastructure bottlenecks in both of them. 

China is a unique case. A net coal exporter until 2008 swung to become the second largest 

importer in the world after Japan. Given the scale of Chinese coal mining and consumption, 

even small changes in China’s supply-demand balance are of a paramount importance for 

the global market. The market structure is oligopolistic. Traditionally four big multinational 

companies (BHP Billiton, Xstrata, Rio Tinto and Anglo American) have dominated the coal 

trade. Actually, if this list is extended with the American Peabody Energy and Drummond, 

the Russian SUEK and the Indonesian Bumi and Adaro, these companies together account 

for near 40 % of the coal trade. 

Traditionally steam coal trade has developed in two different areas: the Atlantic and the 

Pacific Basins, in which different market dynamics exist. 

The Atlantic Basin has been mainly supplied by South Africa, Colombia and Russia with the 

United States as a swing exporter. The trend during the last years is that South Africa is 

exporting less to Europe to match the growth of Asian demand, then Colombia and Russia 

accounting for most of the exports in the Atlantic basins. The main destination of those 

supplies is Europe, where a few countries account for the great majority of that coal, i.e., 
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Germany, the United Kingdom, Spain and Italy. 

The Pacific Basin is mainly covered by two suppliers: Indonesia and Australia, and other 

minor exporters, like Russia and China. South Africa must not be overlooked as its exports 

are shifting to supply Asia, mainly India, rather than Europe. The imports are traditionally 

dominated by Japan, South Korea and Taiwan, stable big importers. As mentioned, India is 

gaining importance. Regarding China, its relative market size, the growth of production, 

consumption and imports, as well as their capacity for swinging from exporter to importer 

profiting from opportunity of arbitrage between domestic and international markets make 

China the key driver of coal markets.  

According with the picture depicted above, for example, Argus Coal Daily International, one 

of the most used platforms for coal prices, publishes 16 different prices in 12 different 

geographical points for steam coal. Four of these indexes referred to imports (Europe, Japan, 

South Korea and South China) and the rest are export references. The redundance of indexes 

related to the same origin is due to the different qualities, as the price of different coals 

need not necessarily being related to their energy contents. For example, the price of 

Indonesian coal with 6,500 kcal/kg coal may double that with 4,200 kcal/kg. 

Currently, there are a few coal swaps traded in the world, with new swaps expected while 

this report is being drafted (i.e. Chinese coal swaps). The first coal swaps were launched in 

1998 based on API2 and API4 indexes. API2 is an index, CIF expressed, for coal imported in 

Europe. API4 is an index, FOB expressed, for coal exported in Richards Bay (South Africa). In 

2001, in the United States, Central Appalachian coal swaps were launched. In 2002, 

Newcastle (New South Wales, Australia) coal swaps were first launched in 2002. In 2010, 

Indonesian sub-bituminous coal swaps were launched. There are coal futures for other coals, 

such as Powder River Basin coal futures. The development of these markets has been very 

different. Atlantic Basin, essentially coal swaps based on API2 and API4, dominate the paper 

coal trading. 

The European market is made by very flexible long term contracts, based on API2, with 

corrections for quality and destination, and spot purchases. Derivative volume has increased 

over the last decade, especially the last five years. Most of the paper trade is made through 

a broker with clearance by ICE, Green Exchange or EEX. Bilateral is often avoided due to 

counter party risk. Physical trading is mainly through OTC bilateral contracts. The following 

chart shows the growth of coal derivatives volume, and ICE cleared coal derivative volume 

(ICE is the main clearance house for API2 derivatives). Therefore, it is a growing market, but 

which can be considered mature and liquid.  
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Source: ICE Futures Europe, FSA & globalCOAL 

This development may be explained by a set of circumstances. Indeed, a key factor was the 

process of liberalization of electricity markets in Europe, which prevents the utilities to pass 

the costs through the customers.  We should not overlook the shift from long term contracts 

to spot index pricing between coal producers and consumers or the high volatility that knew 

freight market, which made stakeholders control their freight risk exposure.  

Although the physical market is moving to the Pacific Basin, derivatives do not follow this 

trend. Asia’s financial market is well behind Atlantic development. Some of the reasons 

under this fact may be the following. The existence of regulated energy markets where the 

price is passed through, the great percentage of Japanese and Korean utilities with long term 

contracts, the aversion of Australian producers to hedging or the difficulty for establishing 

reliable indexes for China and India. 

Traditionally, Japanese utilities bought coal under long term contracts, with annual pricing. 

This worked well with stable coal prices. The increasing volatility of spot market has got 

more difficult the price negotiation process. In addition, the fixed price means that when 

spot price falls down, the long term buyer is in disadvantage. On the contrary, they observed 

that when spot prices rise, deliveries tend to delay. Indeed, this could be managed through 

the contract conditions, but strict requirements also tie the buyer, adding risk. The current 

choice of Japanese utilities is a mix of security through long term contracts and flexibility 

through spot purchases. Something similar can be found in both South Korea and Taiwan. 

Although the share is difficult to assess, probably in Japan the share of long term acquisitions 

may be between 85 % and 90 %, in Taiwan between 80 % and 85 % and in South Korea 

between 75 % and 80 %.  

India seems to be moving from spot to long term contract. Also difficult to assess whether 

there are more traded on long term or on spot basis. 
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In the United States, the second coal producer and consumer of the world, long term 

contracts are dominant with a share over 90 %, complemented with spot purchases. 

4.2 Markets developments, supply – demand conditions and prices development 

Whereas oil price volatility is nothing new, coal for several decades was considered to be not 

only a cheap but also stable energy source, where prices essentially determined by mining 

costs and transportation costs. The recent coal boom put an end to this notion. Demand for 

coal has been growing considerably more rapidly than total energy demand, making coal the 

biggest contributor to the growth of energy supply by a considerable margin. Coal 

consumption, especially in China well exceeded consensus forecasts. This rapid growth 

pushed the coal production and transport infrastructure to the limit, making coal supply 

vulnerable to sudden shocks. At the same time, China emerged as the largest consumer by 

far, accounting for almost half of demand and more than half of growth. Most of this coal is 

domestically mined, but since Chinese consumption is over three times the entire 

international market, any change in the Chinese domestic supply can have great global 

indications. Currently for example the Chinese government has policies to rebalance the 

economy from heavy industrial investment (affecting total energy demand, to open up new 

coal producing areas, improve the safety and environmental performance of mining as well 

as ramp up nuclear and renewable energy production. All of these policies can have effects 

on the Chinese supply – demand balance that are very large compared to the size of the 

international market, and consequently can drive price volatility.  

Due to its high volume to value ratio, coal is more constrained than other industries by local 

factors, especially weather-related events and transportation bottlenecks. It is particularly 

illustrative the study of the situation back in September 2008, when a triple supply shock 

occurred together with freight shortage. Coal demand in China soared, therefore exports 

stopped. Together with this, heavy floods in Queensland and South Africa blackouts 

restricted exports. Commodities trade boom set freight prices up to levels of 60 $/t. 

Therefore, European steam coal prices peaked at 210 $/t in September. After that, financial 

crisis halts price development plummeting down to 60 $/t. Since then, the market knew the 

Chinese swing from being a net exporter to become a big importer for the first time in 2009 

(second coal importer after Japan). The Chinese appetite for coal and the increase of 

domestic coal prices in China, and therefore, prices of imported coal in China and in Asia. 

The big exporters in the Pacific Basin, Australia and, especially, Indonesia have seen how 

their exports increased in the last few years. On the other hand, due to the price premium, 

South Africa is swinging from Europe to Asia. Therefore, the gap in Europe is filled by 

Colombia, Russia and United States as last resort exporter. Therefore, coal prices in Europe 

have been ramping up to the current levels around 120 $/t. The following chart summarizes 

these developments, how the dynamics between the three markets are different after the 

financial crisis. Prices are ramping up in China at higher level than European prices. At the 

same time, coal from South Africa is more unlikely to be competitive in Europe. The 

difference between CIF prices in Europe and FOB prices in Richards Bay is higher than freight 

from Richards Bay to Europe. 
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4.3 Price volatility 

The analysis of price volatility will be based on the price benchmark will be API 2 index, 

which means coal received in Rotterdam-Amsterdam-Antwerp hub, averaged at 6000 

kcal/kg of low calorific value, including insurance and freight in the price. The price evolution 

since 2005 reflects the difficulties for the supply to meet demand. Rapidly increasing global 

(not EU) demand pushed higher cost exporters to supply, driving up prices. This was 

reinforced by freight costs that are highly cyclical: Richards Bay (South Africa) to Rotterdam 

route peaked at over 60 $/t for during 2008, plummeting down to levels under 5 $/t as the 

financial crisis unfolded.  

 

Up until recently coal price volatility was consistently below the volatility expereiced in gas 

and oil markets due to the reasonably elastic coal supply. Since the beginning of 2008 coal 

price return volatilty has increased recently. The financial crisis represented a peak in 

volatility, where macroeconomic dislocation and demand shocks were reinforced by 
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extreme volatility in freight rates. Nevertheless, even after the initial shock of the financial 

crisis, coal prices remained considerably more volatile than they were before the crisis. This 

is consistent with an industry where rapid demand growth pushed supply and transport 

infastructure to the limit, constraining short term ability of supply to respond.  

 

Given that the is a significant supplier of European coal import demand, the difference 

between US East Coast and Europe ARA coal prices is the highly volatile and non stationary 

freight rate. As a result, we observe a similar trend of volatility development in the US 

market with the initially low volatility jumping in 2008 and then stabilizing at a level higher 

than pre-financial crisis.  

 

4.4 Outlook for coal markets 

Coal was the fuel with highest growth in the last decade at an annual average over 5 %. 

Economic growth in China and, to a lesser extent, in India has underpinned this increase. 

Coal consumption in OECD countries has roughly kept the same level as the growth until 
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2007 has been offset by the decline in the last years, mainly driven by the economic 

recession and the coal to gas switching due to the Emission Trade Scheme in Europe and the 

cheap gas prices in the United States.  

In the near future, the outlook for coal demand is to keep on growing, although at a slower 

pace. The main driver is expected to be the electricity consumption growth. From a regional 

perspective, China again should be highlighted. The 12th Five Year Plan foresees a big 

nuclear, gas and renewable deployment together with ambitious targets in energy 

efficiency. However, given the strong dependency on coal of the Chinese economy, the coal 

demand will keep on growing, although at slower pace. India and other Asian developing 

countries, such as Vietnam, Malaysia or Thailand will also see an important coal demand 

growth related to increase of electricity consumption.  

On the contrary, carbon constraints and gas competition in OECD countries leaded to 

bearish forecasts for coal consumption. However, the events in Fukushima together with 

some policy changes in its aftermath, as those occurred in Germany in relation to nuclear 

plants phasing out, may offset the referred effects and make coal demand stabilize in the 

coming years. 

The coal trade outlook is very linked to coal demand indeed. The average annual growth 

during the last decade was near 8 %. Similarly to coal demand, the coal trade is expected to 

keep on growing at slower pace. India and maybe China will account for the majority of 

import growth, but there may also be underpinned by some switch from domestic to traded 

coal, driven by lower relative cost of higher quality coal or even by European subsidies 

reduction, which will likely mean the closure of hard coal mines in countries such as 

Germany and Spain.  

It is worth dedicating some words to imports to China. As already mentioned in this report, 

the size of Chinese market is more than three times the global trade whilst imports 

represent less than 5 % of coal demand in China, but more than 15 % of the global trade. 

This means that any imbalance between production and demand in China will have an 

extraordinary impact on the global coal trade. Anyway, a trend to imports stabilization 

seems more credible than a continuous significant growth. 

Coal imports have been mainly dependent on Indonesia and Australia exports, and to a 

lesser extent, on South Africa, Colombia and Russia. Although there are investments in 

progress in infrastructure in the main exporter countries, if coal trade grows at a strong 

pace, some bottlenecks in transport infrastructure in exporting countries may open a 

window to higher cost exporters as United States. 

If the tight fundamental conditions remain in the coal market, any event affecting the coal 

chain either in the production or in the transportation will likely make the price volatility 

trigger. Therefore, it is worth monitoring evolution of Chinese imports and the development 

of additional capacity, both in mining and especially in transports by the exporters in a 

timely manner. 
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5. Co movement of coal and gas prices 
 

Despite the ample physical substitution between coal and gas in the power sector, empirical 

analysis of coal and gas prices reveals a surprisingly weak relationship between coal and gas 

price movements.  

In the United States, short term conditional correlation between coal and gas returns is 

increasing, but from a low base. Even currently, the correlation between coal and gas 

returns is comparable between the correlation between oil and gas, despite the far stronger 

physicals substitution between coal and gas: 

 

Despite the increasing short term correlation, there is no long term structural relationship 

between coal and gas prices in the US, in fact the statistical significance of cointegration 

have been declining in recent years.  
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Similarly, in Europe the cointegrating relationship between gas and coal prices is generally 

insignificant.  

 

Weak correlation and statistically insignificant cointegration between coal and gas prices in 

both North America and Europe is puzzling. Certainly one has to keep in mind than due to 

the importance of Asia in global coal markets, seaborne coal prices are largely exogenous to 

European demand and US export supply, whereas gas spot prices are largely endogenously 

determined by regional supply demand fundamentals. In the US the beginning of this 

apparent contradiction is 2008/9, the combined supply-demand shock of the financial crisis 

and accelerated shale gas production. An explanation might be the more elastic supply of 

shale production that transfers supply – demand volatility to production quantities rather 

than prices. At the same time as we have shown, the UK market has increasing correlation 

with oil, due to its integration with continental markets which might weaken coal and gas co 

movements. In addition, power plant operation and network constrains might hinder fuel 

switching and consequently can weaken the effect that the coal price might have on gas 

demand and consequently prices and vice versa. On the other hand periods of excess 

capacity in thermal power generation such fuel switching should be easier, and the period 

since the financial crisis has been characterized by excess conventional capacities. In any 

case the demand effect from fuel switching is likely to be weaker than the asymmetric 

macroeconomic drivers: Coal, similarly to iron ore or copper is a classical “China commodity’’ 

where markets remained bullish based on expectations of decoupling of emerging markets, 

whereas gas is exposed to the much weaker regional macroeconomic foundations of the US 

and Europe. (China is actually emerging as a major gas importer, but this is mainly oil 

indexed gas and consequently has little short term impact on spot markets). In any case, the 

co movement of coal and gas markets certainly merits further and deeper research. 
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6. Transparency: 
 

The increasing globalization of the natural gas business means that markets everywhere are 

influenced by changes in supply and demand in all parts of the world, as well as by local 

events.  

 

In addition, over the last decade there has been a substantial increase in the amount of gas 

that is traded worldwide. The consequence is that regional markets are now more 

influenced by developments in parts of the world that are far removed from their day-to-day 

activities. Moreover, over the same period volatility of gas in international markets has 

increased.  

 

Increasing globalization and trade and increased price volatility point to a need for more 

market information. Improving transparency on gas market data, such as prices and trade 

flows, will contribute to the reduction of uncertainties, improve predictability and facilitate 

project planning. Improvement in the quality of information and data that is freely available 

would improve market transparency. 

 
In light of these developments, the IEF Secretariat and its JODI partners, including the Gas 

Export Countries Forum (GECF), are extending the Initiative to cover natural gas data (JODI-

gas). This work is underway and can hopefully be launched to the market before the end of 

the year for the first time.  

Against this background, the G20 may wish to consider to commit to full, complete and 

timely delivery of data to JODI-gas to increase transparency in the international markets for 

gas and improve the economic efficiency of the markets and reduce price volatility. Progress 

to achieving this objective could be monitored regularly by the G20, assisted by the IEF and 

its JODI partners. On the other hand coal is the least globalized of the major energy sources, 

due to its relatively high transport costs and its well distributed resources. Only 15% of coal 

consumption is traded internationally. However, given its interactions with other fuels, JODI 

may consider extending its coverage to coal in the future.  

7. Conclusions 
 

Price volatility in coal and gas markets is essentially driven by microeconomic fundamentals, 

especially low price elasticity and supply – demand shocks. Due to technical constraints, 

transportation costs as well as the still influential heritage of several decades of regulated 

monopoly industrial structure these markets are much more segmented and much less 

liquid than oil markets. With the exception of natural gas in the United States and the United 

Kingdom trading is dominated by OTC physical transactions, financial futures either don’t 

even exist or do not play a major role. Most trade participants have physical positions or are 

physical commodity traders. In the US and the UK a liquid, well functioning financial 

derivatives market exists for natural gas with widespread financial participation and financial 
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commodity investment. It is worth noting that major financial events like the bankruptcy of 

Enron or Amarath left the underlying physical market unaffected.  

On the other hand, supply-demand fundamentals witnessed dramatic changes. Some of 

these like the financial crisis or the rapid industrialization of China with its associated coal 

demand are macroeconomic. Others like the Katrina and Rita hurricanes or the 

unconventional shale gas revolution are industry specific. The most volatile price periods 

were the ones when like in the gas market perfect storm of 2009 macroeconomic and 

industry specific shocks coincided.  

At this end, it is recommended extending the G20's work on oil price volatility to coal and 

gas. Given that the most important factor behind price volatility is low price elasticity policy 

actions to reduce volatility should be concentrated on that field. Some of the measures 

policymakers might consider are the following: 

 Most volatile periods are associated with production capacity reaching bottlenecks, 

when investments could not keep up with demand growth. Measures to improve 

the investment environment, such as a transparent and predictable energy policy 

and taxation framework, security of demand, and efficient market prices are the 

most important policy steps to encourage investment and thus reduce volatility. On 

the other hand policy has to recognize that changing prices, while avoiding extreme 

volatility, play a crucial role in directing an efficient adaptation to changing 

fundamentals. 

 Measures to restrict financial derivatives markets in gas and coal are neither 

necessary nor desirable. In fact in the gas markets of the European continent and 

the Asia Pacific region and in coal markets in general more active, more liquid 

financial trading would be beneficial as it would enhance market liquidity and would 

expand the hedging opportunities of market participants. Lack of inadequate risk 

management tools is a potential impediment of investment in additional supply.  

 Integration of markets generally has an effect to reduce volatility as any individual 

shock will have a smaller effect on supply – demand fundamentals. Market 

integration requires physical infrastructure interconnection as well as adequate 

measures in regulation and market structure.  

 In gas markets the ability of the infrastructure to deliver gas and change flows as a 

reaction to changing fundamentals is essential. Consequently 3rd party access to 

infrastructure as well as transparent information on infrastructure capacities is 

essential to have well functioning markets.  

 Both microeconomic theory and empirical evidence suggests that electricity systems 

with adequate infrastructure and competitive power markets have higher 

substitution elasticities between coal and gas. Consequently electricity sector reform 

which is desirable on its own has a further benefit of reducing volatility of coal and 

gas prices.  

 Similarly, the almost complete lack of short term price elasticity in power markets 

contribute to coal and gas price volatility, since power generation is a major 

component of coal and gas demand. A more flexible demand side participation in 

power markets which is in any case a key policy objective would have a secondary 
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effect of reducing coal and gas price volatility.  

Increasing gas globalization and trade and increased price volatility point to a need for more 

market information. In this respect, the G20 may wish to consider to commit to full, 

complete and timely delivery of data to JODI-gas to increase transparency in the 

international markets for gas and improve the economic efficiency of the markets and 

reduce price volatility. However, extending this initiative to coal might be considered at a 

later stage as coal is the least globalized of the major energy sources.   
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Annex I. Coal and gas markets, and their interaction with oil 
 

The dominant driver of coal demand is coal fired power plants. Power generation demand is 

determined by the overall electricity consumption, itself heavily influenced by GDP as well as 

the position of coal compared to competing power generation sources such as gas, nuclear 

and renewable energy. The share of coal in power can range from dominant (China, Poland) 

to negligible (France, Middle East) depending on resource endowments and policy decisions.  

Natural gas is used in three main applications: building heating, industry and power 

generation. Heating demand is dominated by households. The share of homes connected to 

the gas grid has large regional variations, but generally increases with living standards and 

GDP, on the other hand as energy efficiency improves, the gas demand of an average 

connected home tends to decline. For a given housing stock gas demand is heavily 

temperature dependent. Industrial demand is driven by the macroeconomic cycle. Similarly 

to coal, there are large regional differences in the role of gas in the power sector.  

End user prices for both electricity and gas tend to be sticky, compared to the daily retail 

price changes for gasoline and diesel, even in deregulated markets retail gas and electricity 

prices  tend to change infrequently, often only once in several months. This is due to the 

limitations of metering and billing, preferences of retail clients and sometimes regulatory 

restrictions. In general, larger clients tend to have more flexible prices, and in several 

countries there are ongoing policy initiatives for smart metering and real time pricing. In 

most markets there is a fair degree of vertical integration, major retail sellers tend to be 

involved in electricity generation or the procurement of gas on the basis of long term 

contracts. As a result, forward contracting for primary fuels is to a considerable degree a 

natural hedge for market participants.  

1.1 Interactions between oil, gas and coal markets 

1.1.1 Gas and oil 

Gas and oil have some supply connections due to associated gas, natural gas liquids and use 

of gas for reinjection and oil recovery. The sign of the substitution effect is unclear due to 

the different directions of the effects: for example high oil prices incentivize additional oil 

production which might increase associated gas production (a positive cross price elasticity 

of supply) on the other hand high oil prices increase the opportunity cost of gas used in oil 

recovery (a negative cross price elasticity of supply). In addition, to the extent skilled labor 

and upstream drilling equipment is a constraint, this also leads to a negative cross price 

elasticity as labor and drilling equipment is redirected from gas to oil or back based on a 

price differential. This latter effect is currently visible in the United States.  

On the demand side there is limited substitution, but definitely a positive cross price 

elasticity. Short term substitution exists in limited and declining dual fuelled electricity 
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generation capacity and in industrial boilers. In addition, changing capacity utilization in 

naphta and ethane based petrochemical facilities is also a short term substitution.  

Medium and long term substitution possibilities in the case of the more likely scenario of 

rising relative price of oil (the possible range varies greatly in different region): 

 Rolling out of natural gas networks in regions previously relying on heating oil for 

building and industrial heat. 

 Mothballing of still existing oil fired capacity, construction of new CCGTs. 

 Utilization of gas as a transportation fuel either in the form of GTL or as a direct 

transport fuel. 

1.1.2 Coal and gas 

Coal and gas fired power plants form the backbone of many electricity systems, between 

them they account for more than half of global electricity generation. In general, coal fired 

power plants have a higher capital cost and a less flexible operation, on the other hand for 

substantial periods they had significantly lower marginal cost at prevailing coal and gas 

prices. As a result, in a conventional setup of an electricity system, coal plants were used for 

baseload or mid merit generation, whereas gas was in a more load following peaking mode, 

running at a considerably lower load factor than coal. Due to the lower load factor of gas, 

the share of gas capacities in the power plant mix is usually higher than the share of gas in 

actual production. Consequently there is a large built in substitution capability in the existing 

power plant fleet based on the relative utilization of coal and gas plants. In periods when 

there is a large price differential between coal and gas, the substitution is limited due to the 

technical constrains in using coal plants in peaking mode. On the other hand in recent years 

the relative marginal cost of coal and gas fired generation converged to each other both in 

North America and Europe and one could observe reasonably elastic substitution in systems 

where there are sufficiently strong networks to handle changed production profiles and 

efficient markets to provide incentives. Econometric analysis suggest that the cross price 

elasticity of substitution ranges from 0.4 in the United Kingdom (an efficient market with 

substantial coal and gas capacities) to 0.05 in Japan where network bottlenecks lack of spot 

markets for power hinder substitution. On the other hand, international coal trade and thus 

prices are greatly influenced by consumption and import demand from China where gas 

does not play a significant role in power generation.  

In a longer term, the relative prices of coal and gas (together with environmental and 

climate policies) will influence investment decisions for new power plant capacities. In the 

past two decades two important technological innovations improved the relative cost 

efficiency of gas fired generation and consequently led to an investment wave of gas 

capacities: 

 Combined cycle gas turbine (CCGT) plants, the technology of choice for gas fired 

power generation have lower capital cost, higher efficiency, more flexible 

operational parameters and better environmental performance than conventional 
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coal plants. As a result they are competitive even with a substantial price differential 

between coal and gas.  

 The combination of shale gas in North America and LNG in the entire world that 

provided cheaper, more flexible and more secure gas supplies.  

Due to its advantages both in generation technology and primary fuel supply, gas has 

been dominant in new thermal capacity built both in North America and Europe.  

Nevertheless, due to very large investments in coal fired capacities in non-OECD, especially 

China, coal actually increased its share in the global primary energy mix. However, this coal 

capacity investment took place in countries where gas does not play a major role, gas 

infrastructure is underdeveloped and electricity demand is growing very rapidly. As a result, 

relative prices probably played a minor role in technology choice compared to the need to 

supply demand growth rapidly.  

In Europe and some other regions that have binding carbon caps and emission trading 

systems the carbon quota price serves as an important linkage between gas and coal 

markets. Generally the power generation sector is dominant among large point emission 

sources that can be covered by an emission trading regime at reasonable transaction costs. 

Coal to gas switch in the power sector is usually the biggest short term abatement option 

and consequently plays an influential role in determining carbon quota prices. In an efficient 

microeconomic market equilibrium (not always the case in real life emission trading 

systems) the carbon quota price equalizes the marginal cost of coal and gas fired generation. 

This means that in periods of rising relative price of gas to coal the carbon quota price would 

go up since coal to gas switch is more expensive whereas with cheaper gas the quota price 

would decline. Theoretically there would be an endogenous determination of coal, gas and 

carbon quota prices in reality for the EU ETS gas and coal prices are largely driven by factors 

outside the EU (oil price for oil indexed gas contracts, global coal fundamentals) whereas the 

EU ETS is dominated by European factors (electricity demand, separate renewable policies, 

quota allocation). Consequently from the point of view of EU ETS coal and gas prices are 

largely exogenous and together with other factors they influence the EU ETS carbon price. 

The existence of carbon quota trading has an interesting side effect of decreasing the cross 

price elasticity of gas and coal demand. Design details of the emission trading regime with 

respect to allocation and caps can change incentives, but generally if the price of gas goes 

up, the rising quota price will have a larger effect on coal due to its higher carbon intensity. 

As a result the relative price change is dampened, and at any given cross price elasticity, 

there will be less increase in coal demand than in the absence of emission trading, so 

observed cross price elasticity goes down. In any extreme case of an emission trading system 

covering only gas and coal fired plants with a fixed cap and inelastic power demand  cross 

price elasticity falls to zero since the carbon cap determines gas and coal composition, so 

any relative fuel price change is absorbed by quota price changes. Real life ETS is of course 

more complex than that, still there is no doubt that the carbon quota price absorbs a 

substantial proportion of the volatility in the relative price of coal to gas and the carbon cap 

is one of the main drivers of relative demand for these fuels.  



40 
 

In addition to the market interaction driven by substitution, macroeconomics provides a 

powerful common driver for coal, gas and oil markets. Economic activity, especially 

industrial production is a key driver of the demand for both transportation fuels and 

electricity, the key components of oil and coal/gas demand respectively. Investment into 

production and infrastructure capacities is lengthy and capital intensive for all three primary 

energy sources, consequently on the short and medium term market tightness is determined 

by demand fluctuations. As a result the unusually volatile macroeconomic environment of 

the past decade: the unsustainable boom of the Great Moderation, the financial crisis and 

the subsequent recovery simultaneously tightened, loosened and then tightened again all 

energy markets. There are of course important supply and demand asymmetries like the 

shale gas supply shock in the US, or the macroeconomic ‘decoupling’ of China which 

continued to drive coal demand even during the financial crisis. Nevertheless, to a 

considerable degree coincident market tightness and correlating prices can be explained by 

common macroeconomic drivers.  
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Annex II, Microeconomic drivers of price volatility 
 

Most commodity certainly including natural gas and coal show a considerable degree of 

price volatility. Economic theory suggests that the extent to which any change in the supply-

demand balance is translated into price as contrast to quantity changes depends on the 

elasticity of supply and demand.  
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The more elastic supply and demand is, the greater the extent to which market shocks are 

translated into quantity as opposed to price changes, so for a given volatility of supply-

demand fundamentals, the lower price volatility will be.  

It is generally accepted, that the price elasticity of demand for energy products low, even in 

the medium term due to the unique service and difficult substitutability of energy. This is the 

case of household heating demand for gas as well as demand for electricity, which is a major 

component of gas and coal demand. However, a degree of substitution exists in power 

generation, so the price elasticity of demand for gas or coal in that segment is higher. In 

general, the higher excess capacities and more flexibility the power system has, the higher 

will be the elasticity of demand. 

Considerably larger uncertainty exists for the price elasticity of supply. In general, for an 

elastic supply the market needs free production capacities that can be brought to production 

at reasonably stable short term marginal costs as well as adequate capacities in the 

transportation infrastructure to be able to deliver to consumers. In addition, the existence of 
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market oriented storage facilities and product stocks also likely to lead to more elastic 

supply, as market participants will have the ability to react to price signals. 

Based on these considerations, under normal circumstances we should expect a significant 

degree of price volatility in natural gas markets. Conventional natural gas production is 

capital intensive, with significant sunk costs for exploration and field development. In many 

cases rapid changes in production are undesirable from the point of view of reservoir 

management and thus would require large price signals to be worthwhile. Shale gas 

production has certain technological characteristics pointing towards a more elastic supply: 

exploration risk is much lower; usually leases cover large territories where several (hundred) 

standardized drilling and fracturing operations lead to a production pattern that seems to be 

scalable at the marginal cost of production. As a result, the growing importance of shale gas 

production might lead to a more elastic supply, and this indeed seems to be happening in 

the United States.  

Gas storage historically primarily served seasonal, winter – summer demand fluctuations. 

Since the development of gas trading, some markets witnessed investment into more 

flexible, trading oriented storage capacities. Nevertheless, gas storage is capital intensive 

and a considerable degree of price volatility is necessary to motivate the investment.  

There are large fluctuations in the demand for gas. They are primarily driven by winter 

temperature; excessively cold winters are often associated with price spikes. In addition, gas 

turbines are the universal flexible back up in many power systems, consequently other 

shocks to the electricity system like sudden changes in nuclear or wind availability can also 

lead to demand fluctuations. Gas infrastructure is lumpy, major import pipelines, LNG or 

storage facilities are large compared to the size of the market. Consequently the interruption 

in the availability of a single infrastructure element, like a technical problem in the Rough 

storage facility for the UK or the interruption of Ukrainian transit for continental Europe can 

have measurable market effects.  

Coal mining technology leads to slightly different microeconomic characteristics. Obviously if 

production reaches capacity constrains supply becomes inelastic in the case of coal as well. 

In addition, in several important cases the key bottleneck is the transportation infrastructure 

necessary to bring the coal to market. Construction of railroads and port facilities is usually a 

lengthy process and can limit supply from a given region. It is worth noting that freight 

shipping represents a much higher proportion of the value of coal than tanker rates for oil, 

consequently very volatile freight rates influence the price of coal in major importing 

nations. On the other hand, exploration risk is usually minimal due to the scale and 

distribution of coal resources. In deep pit mining the costs are dominated by the fix capital 

cost of the mine and the equipment. This leads to inelastic supply as there is a strong 

incentive to produce at full  capacity. Open cast mining on the other hand has high variable 

and lower fixed costs, so it can and does react to market fluctuations. This technology plays 

an important role in large exporters such as Australia or South Africa. On a longer term, 

given that coal production doesn’t have  the exploration risk of  hydrocarbons, and a 

standardized technology for production and transport one should expect a fairly elastic long 

run supply curve as investments scale up production following a long term price signal.  
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On the demand side coal is usually a baseload generator running at higher than average load 

factors. It is possible to lower the load factor of coal and increase other, usually gas fired 

plants leading to a measurable demand elasticity. However, coal fired plants have technical 

constrains in lowering their load limiting this factor. In addition, in recent years the growth 

of coal fired power generation was driven by non-OECD countries where rapid power 

demand growth and price regulation dampens incentives and the power system is so reliant 

on coal that substitution is not feasible.  

It is worth emphasizing that as a general rule integration of markets reduces price volatility. 

The reason for this is that supply and demand drivers of volatility are not perfectly 

correlated across regions, and any individual shock would have a smaller effect as demand 

and supply of other regions can also adjust. For example the US gas price jump associated 

with the Katrina and Rita hurricanes was around five times the LNG transportation cost from 

major exporters to the US. In a perfectly integrated global market, undoubtedly substantial 

LNG exports would have flown to the US, mitigating the price spike. In reality LNG supply and 

infrastructure bottlenecks of course prevented this.  Similarly, the 2009 January gas transit 

interruption would undoubtedly have created a price spike in South Eastern Europe had spot 

markets existed in the region, but better interconnectivity with other European regions and 

the ability to redirect supplies from other sources would have mitigated the severity of the 

shock. 
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Annex III: econometric techniques used in the analysis for the 

report 
 

Measuring Correlation2 

Measuring the relationship between variables at various points in time, rather than 

using a single correlation coefficient over the entire sample period, provides information on 

the evolution of the relationship over time. For this purpose, simple correlation measures 

such as rolling historical correlations and exponential smoothing are widely used in the 

literature. 

Rolling historical correlations take into account the time-varying nature of the 

relationship between variables straightforwardly, by calculating the correlation at any point 

in time as the estimate for a specified window (say, k  observations) that does not overlap 

with the full sample. The correlation is first estimated over the sub-period 1 to k , then over 

the sub-period 2 to 1k , and so on. The rolling historical correlation estimator is thus:  
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 where 1x  and 2x  are the deviations from the means of the two random variables of 

interest, with mean zero. 

Although this simple estimation technique provides some information on the 

evolution of relationship between two variables, it suffers from assigning an equal weight to 

all observation in the estimation window and zero weight to older observations. It also raises 

the issue of window-length determination. On the one hand, if the window is too narrow, 

one runs the risk of ignoring important observations in the data by giving zero weight to 

these observations. On the other hand, if the window is too wide, old observations will be 

given weight even though they may not be relevant to the analysis. 

To overcome these problems, exponential smoothing techniques assign declining 

weights to older observations based on a parameter,  , without any prior determination on 

the amount of past data to be used in the analysis. The exponential-smoothing estimator 

can be written as  

                                                           
2
 This section is directly taken from Buyuksahin, Bahattin , Haigh, Michael S. and Michel Robe (2010), 

“Commodities and Equities: A Market of One?” Available at SSRN: http://ssrn.com/abstract=1069862 
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  (2)  

 One drawback of this second approach is that the user must adopt an ad hoc 

approach to choose smoothing parameter  . In our analysis, we follow Engle-02 and set 

0.94=  for weekly returns. We use the same value for monthly returns, and set 0.97=  

for daily returns. More importantly, like the rolling historical correlation, the exponential-

smoothing technique cannot adequately account for changes in volatility. The sensitivity of 

the estimated correlation to volatility changes restricts inferences about the true nature of 

the relationship between variables. Since the estimated correlations are subject to volatility 

shocks, interpreting these correlations becomes more difficult especially during high 

volatility periods. 

The Dynamic Conditional Correlation methodology (DCC) developed by Engle (2002) 

helps to remedy this problem. The DCC model is based on a two-steps approach to 

estimating the time-varying correlation between two series. In the first step, time-varying 

variances are estimated using a GARCH model. In the second step, a time-varying correlation 

matrix is estimated using the standardized residuals from the first-stage estimation. 

More formally, consider a 1n  vector of normally-distributed with mean zero and 

covariance matrix tH  returns series tr  of n  assets are assumed the have the following 

structure:  

 )(0,~ tt HNr    (3)                  

  

  tttt DRDH =  (4)                                                        where tH  is the conditional covariance matrix; tR  is the time varying correlation matrix; tD  is a diagonal matrix of time varying standard deviations given by tititt hrED ,

2

,1 diag=)(diag=  . where tH  is the 

conditional covariance matrix; tR  is the time varying correlation matrix; tD  is a diagonal 

matrix of time varying standard deviations given by tititt hrED ,

2

,1 diag=)(diag=  . hi,t 

can be thought of as univariate GARCH models, then standardized disturbance  can be 

expressed as tittititi rDhr ,

1

,,, =/=  , where ).,0(~, tti RN  Let's consider the following 

conditional correlations: 
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  If we re-write these conditional correlation in terms of standardized residuals from 

GARCH estimates, we will get the following:  
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tjtittij E ,,1, =  
 (6)  

  This implies the equivalence of conditional correlation of returns and conditional 

covariance between the standardized disturbances. Therefore matrix R represent the time-

varying conditional correlation matrix of returns as well as conditional covariance matrix of 

the standardized residuals (Engle ,2002). 

The DCC model of Engle (2002) suggest the following dynamics of the correlation 

matrix:  

 
1-1 **

t=


ttt QQQR  (7)  

  

 11,1, )()(1=   ttjtit QQQ   (8)  

 where Q  is the unconditional correlation matrix of standardized residuals and Q*
t is a 

diagonal matrix composed of square root of the diagonal elements of Qt. The correlation 

estimator is given by the typical element of tR  in the form of  
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 This specification ensures the mean reversion as long as 1<  . The resulting 

estimator is called DCC by loglikelihood with mean reverting model. The log-likelihood of the 

DCC model outlined above is given by :  

 )|)(|log|)(|log2)(2log(
2
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RRDnL   

 In essence, the log-likelihood function has two components: the volatility part, 

which contains terms in tD
; and the correlation part, which contains terms in tR

. In the 

first stage of the estimation, n  univariate GARCH(1,1) estimates are obtained, which 

produces consistent estimates of time-varying variances ( tD ). In the second stage, the 

correlation part of the log-likelihood function is maximized, conditional on the estimated tD  

from the first stage. 

 

Volatility: How to Measure It?3 

There are various ways to measure volatility. However, we can split volatility models into 
two parts: historical volatility and implied volatility. Historical volatility models use time 

                                                           
3
 This section is directly taken from the IEA Oil Market Report April 2012, page 39. 
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series of past market prices while implied volatility uses traded option prices. Therefore, we 
can say that historical volatility is backward looking while implied volatility is a forward 
looking measure of volatility. 

Historical Volatility 

Historical volatility looks at past behaviour of price movement and measures the variation in 
the price. One such measure is the standard deviation. Standard deviation (σ) is computed 
from a set of historical data as 

 

 
 

where R is the return calculated as the natural log of daily changes in the price of the 
underlying asset and µ is the mean return during the lookback period. However, some noted 
that the sample mean µ is a very inaccurate estimate of the true mean especially for small 
samples; taking deviations around zero instead of sample mean typically increases volatility 
forecast accuracy. The choice of price and lookback period gives rise to different estimations 
of volatility. In general, close-to-close prices are used but some prefer to use open-to-close 
prices to calculate return. The lookback period also has important implications for volatility. 
The historical average method uses all historical data available. The moving average method, 
on the other hand, discards some older observations.  The exponentially weighted moving 
average method uses only more recent observations. 

However all techniques have shortcomings. The historical average methodology gives equal 
weight to all observations regardless of relevance today. Although the moving average 
estimation technique provides some information on the evolution of volatility, it suffers 
from assigning an equal weight to all observations in the estimation window and zero weight 
to older observations. It also raises the issue of window-length determination. On the one 
hand, if the window is too narrow, one runs the risk of ignoring important observations in 
the data by giving zero weight to these observations. On the other hand, if the window is too 
wide, old observations will be given weight even though they may not be relevant to the 
analysis. To overcome these problems, exponential smoothing techniques assign declining 
weights to older observations based on a smoothing parameter without any prior 
determination on the amount of past data to be used in the analysis. One drawback of this 
second approach is that the user must adopt an ad hoc approach to choose the smoothing 
parameter. 

Apart from standard deviations based volatility, researchers also use model-free daily 
squared return and absolute return as a proxy for daily volatility. Range-based volatility 
estimation, calculated using market daily high and low prices, is another methodology 
adopted to calculate volatility. Although it is very easy to calculate, it is also very sensitive to 
outliers. 

The empirical observation that volatility is not constant over time and that it has memory has 

led to more sophisticated time series models, known as ARCH/GARCH models. These 

models capture volatility persistence, time-varying mean as well as the non-constant nature of 

volatility. Since the conditional variance at time t is known at time t-1 by construction, it 
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provides one-step ahead forecast.  

 

Therefore, we estimated the following generalized autoregressive conditional 

heteroskedasticy (GARCH) model to produce conditional volatility for daily crude oil return 

rt: 

 

 

 
where ht is the conditional variance and  is the conditional volatility. GARCH 

estimation produces conditional volatility which is less noisy than the absolute return 

approach but it requires that the model define the true data generating process, zt be 

Gaussian, and that the time series be long enough for maximum likelihood estimation. 

 Cointegration Analysis4 

 The use of non-stationary variables does not necessarily result in invalid 

estimators.  An important exception arises when two or more I (1) variables are 

cointegrated (Engle and Granger, 1987); that is, there exists a particular linear 

combination of these non-stationary variables which is stationary.  For example, if Yt 

and Xt are both I(1) and there exists a β such that  Zt=Yt-βXt is I(0), then Yt and Xt 

are said to be cointegrated, with  β  being called the cointegrating parameter.   

Johansen (1988) proposes and implements a unified vector autoregressive system 

approach for testing cointegration. He derives the maximum likelihood estimator of the 

space of cointegration vectors and the likelihood ratio test of the hypothesis that it has a 

given number of dimensions.  The procedure involves the following stages: 

 Model checking, determination of lag length;  

 Determination of cointegration rank based on trace statistics;  

 Estimation of the cointegration space.   

 

1. Optimal Lag Length 

The first step of the model building involves the choice of lag order.  The most 

common procedure is to estimate a vector autoregression using the undifferenced data, and 

to then use one of several information criteria to select the number of lag lengths.  We use 

the Schwarz information criterion (SC) to determine the optimal lag – 2 in our case.   

                                                           
4
 This section is directly taken from Buyuksahin, Bahattin, Michael Haigh, Jeffrey Harris, James 

Overdahl and Michel Robe (2008) “Fundamentals, Trader Activity and Derivative Pricing.” Available at 
SSRN: http://ssrn.com/abstract=966692. 
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2. Vector Error Correction Model 

After selecting the lag length, the Johansen procedure estimates a vector error 

correction model (VECM) to determine the number of cointegrating vectors.  According to 

Johansen (1988), a general polynomial distributed lag process, tx
, involving up to k  lags, 

can be written as: 

 

 tktktt uxxx   ...= 11  (1)  

where tx  is a vector of n  variables of interest, i  is an )( nn  matrix of parameters, and 

u  is n -dimensional Gaussian independently distributed random variables with mean zero 

and variance matrix  .  This equation can be reformulated into VECM form:  

 

 tktktktt uxxxx DDD  1111 ...=  (2) 

 

where j

k

iji  1== , ( 11,2,...,= ki ), and )(= 1= Ii

k

i  .  This way of specifying the 

system contains information on both the short- and long-run adjustments to changes in tx , 

via the estimates of î  and ̂ , respectively.  Assuming that tx  is (1)I , while r  linear 

combinations of tx  are stationary, we can write  

 

 ,=    (3) 

 

where   is the vector of adjustment coefficients;   is the cointegrating vector; and both 

are ( rn ) matrices.  The approach of Johansen (1988) is based on the estimation of system 

(2) by maximum likelihood, while imposing the restriction in (3) for a given value of r .  

Johansen demonstrates that   can be estimated by regressing tXD  and ktX   on the lagged 

differences.  

3. Trace test 

The next step in the Johansen approach involves testing the hypothesis about the 

rank of the long run matrix  , or equivalently the number of columns in  .  The likelihood 
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ratio test for the determination of the rank r  is discussed in Johansen (1992).  In general, 

tests of the hypothesis that qr   use the likelihood ratio test statistics:  

 )ˆ(1=)( 1= j

k

qjtrace logTq     (4) 

 

This test is called the trace test.  It checks whether the smallest qk   eigenvalues are 

significantly different from zero.   

 

 In this study, we define tY  as composed of two elements.  They represent the pair 

prices of crude oil, natural gas and coal.  

 

 Dynamics of the Relation between Prices 

 In order to study the development of the level of cointegration among energy prices, 

we examine the dynamics and extent of relationship (if any) between the three prices using 

the recursive cointegration method outlined in Hansen and Johansen (1993).  This technique 

has been employed in studies of convergence across stock markets, interest rates in 

different countries, etc.  To our knowledge, our analysis is its first application in the context 

of different-maturity futures contracts on a single commodity.   

 The recursive cointegration technique allows us to test for the level of cointegration 

among indices during our sample period.  It allows us to recover two error-correction model 

(ECM) representations.  In the “Z-representation,” all the parameters of the ECM (   and  ) 

are re-estimated during the recursions, while under the “R-representation” the short-run 

parameters ( ) are kept fixed to their full sample values and only the long run parameters 

(  ) are re-estimated.  We recover the R-representation, as our focus is on changes in the 

long-run relation between the different price series.   

The logic behind the recursive cointegration technique is similar to Johansen’s 

(1988) multivariate cointegration approach.  Instead of using all of the observations, we start 

with an initial sample period (in our estimation, we start with one-year of weekly 

observation) from t0  to tj (for some choice of j) and calculate the trace statistics for this sub-

sample.  Then, we increase the sample size by 1 from t0  to tj+1 and calculate the relevant 

trace statistics for this sample period.  This process continues until we exhaust all the 
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observations and, in the final stage, we perform the cointegration analysis for the full sample 

and calculate the trace statistics.  Of course, the trace statistics calculated in the final stage 

equals the standard static trace statistics calculated with the Johansen (1991) method.  The 

recursive method, however, is far more informative because it allows us to see the dynamics 

of the trace statistic.   

 

 

 


